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‘I’]lis t:tl]<])](:sc]ltsa  robust co]ltro]  dcsifI; II cxlm’ill)c]lti]l  a tcc]illc)]OF;y(  ](’]tlo]lst]:ltio]i of A d -
\ra]I(y:(] ]{(:c()]Ifig(II~I])]c  (;o]I~]o] (A]i(;)  l] Sj]IF;  t,]Ic  i]li,(!$;]’ai,  c(] A!/’()(/(;/i?/g 07/(/  (.:0? //7’()/ ,$yn///S;  S;S

?’oolkIT(NIACSYN)  []]. 'l'llrc)l)jccti\ 'co ftllecxl)eliI)lcl  ltistc):ll)l)ly tllisilltc:p,l~ltccl idmlti (i-
catiol) aII(l rol)ust, sylltllmis IIIctlIo(lolo,gI;y  (M AC SJ’IN) to tlIc: ~’il)latiol] s~ll)l)rmsioll I)IO1)I(JIII

0 1 1  aII illstl(llil(:lltetl SIMCC tjruss structure. ‘J’l IcovcIall  lIIctl Iodology  ]Ias  lWCII iltll)lelr]ulkd

aIId  mTal IIatd OII a  4-inl)ut,  3-outl)ut  IIoll-c{)lo(:;lte(l” flmil.)lc stIuctuIw  at, J] ’],. ‘J)IIC i(lcl]ti-

ficatioll IIldllod  i s  I.)ascxl  OII a  mcxIIt  frqumlq  dolnaili tmlllliquc  Ivllicl]  estilllatcs lx)tl I a
st:It(* sl)acc II 10(1 CJ aII(l al I a(ldiliv(:  ullc(’ltailllly \Vci:;lltillg f o r  Illlllti\’:\li:llJlc: lc)l)llst ColItrol

(lmiF;tl.  ‘1’IIc  COIItIOl  IMrt, i s  lmsml 011 al I dual-loo])  llm’/I12 a])l)mlcll  wit]) a  IIicl:ilcllictll

h!ll M() il]ller/outm loo])  dmip;ll  structure. ‘J’llis c a s e  stucl<v illdicatm tlIat tlIP ilit(grate.d

NIA(!SJ’N  design  IIIctlIodology  l)rovidm aII d[”wt,ivc aI)l)NMCII  to dmrclol)illg vil)raticnl  CO II-

tmllm f o r  IIoll-colo(’akxl  s])acx’ Shctul’cs, 01 rclatjd al)l)limtiolis illvolvillF, II)llltii’:lli:ll)l(:
l)lal Ils c) f(ollll  ll(:lls llltltccc)l I)l)lcxity.

llll((:lt21illi  j~isal\v tlystjll Clllajc)1iss[lcill colltlolsysteltl desiF,ll.  llOIfC\(:I,tlIC  I) Ic)l)(Js((l illtc-

gratd MA CS}7N  dcsigll II IdlIOd  CaII l)rwisdymst  il]cl~llc.clt:lil) ty\’:lljaiiolls illtoit,s dmiF;ll
l)loCc:ssilI :l(ll~zlllccsotll?ltl ill Clcslllt,ill F;llllllti\'z\ri: \l)l CCc)llt,lc)llcl l~'ill IIaverol)llst  l)f’lfol]Il:IIIc{:

ill tlllc l)NWCIICC  of all ihcsc l)rc-iclmlt,ificxl  Illlcclt?lillii(:s. ‘J’oillit,iak  tllisrol)ust  colltml  d(’sigy)
])1’()(’(’ss, ])]octic. al sys(mn  1 1 )  al$;orit]lllls l)]ay a Crllcial role ill dCfillill  F; tllc: Ilolniltal alit]  ll?l-

cmt,aill sl)ac(, structure  II IOCICIS.  A  systmnatic  IIICtlIOd for iclcll(ific.i(tioll o f  l)c)tlI tile IIol)lil}al

l)l:~llt( ills t:lt(:-sj)acc~f ollll)/ill(l :lllllllc.clt,t\il ltylllc)clcl(i  lll):t121111Ctli(  :f()llll)ll iisl)((ll wcolltl~’

(l(~v(~lol)c’d  ~It J]’], l)ascd 011 flquc:llcy  (Io]l]aill IIIct,lI()(ls. ‘J’lI(:tIl)l~IozIcII  isljascd 011 a SC(lIIUICC

ofllolll):ll:llil(~tlic” aIId  l):ll;llllctlic.stfcl)s using tlIC tllwry aIId  algoritllll)s  (lcveloljul  ill [2, 3 ] .

“Sul)]l)ittcd to ISt Nqatlal)(;o]lfclcllcc,  CmIIl~ridgc,MA  [)1760,0  C(.” 18-20, 1!]93
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‘1’llis  mwall a])])  roac]l  ])rovidm  tlIc inforl))atiol)  (])lallt  Cstilllatc  and  Il?lcwtai]ity  Itcif;litillg;s)
rquilrd  foI’ designing  robust  coIIIIollrrs II SiIIg sta TI(la Id sc)ft~tIi  IIc/tc)oll)c)xcs,  etc. After iclc~]l-
tif~JiIIp;  tllc  St17UCtUIY:  II IOdCl aIId ullcdaillty  l)O1llI(l:I1;(:S, rol)ust, coIlt701 sylltl]mjs ]tlctliods

suc.11 as 1 12 , 11=’, a]tcl ~/- Sy]ttltcsis  [4] c,a JI l)c illvokd  10 dcsigll a coIItIoll(~I that stal)ilizm t)l IC

l)l;lllt aIId acllicvcs (listurl)allc.c lcjcdion ])cIIfc)llI12111c[: crjterjoll l)asml oll tllc: ])rmct \vciglltillg

fUllCtiO1lS.  Altogdlm ,  s~st,Clll  11) ?lll(l l“ol)llSt COlltl’ol  lll(:tlll  OdS Call  1)(:  jll{,(’~;ratc(]  j][ a ]Ii,g]lly

cflicjclltl lIlalIIIcr for {Illis ])rc)jcct as  \frcll as  lnorc Cllallcngit)g sj)acc lnissjc)lls j]] {II(: flllllrc.

All llm’/l12 t\volool)  dmigtl  Indl]odology  is I)rq)osd  for tllc AI{C cxI)cri  It]cIlt. As dmcrjl)d
al)m’c, tjllis  IIletlllOd  Cal) ])rovidc  al I Ncctjivc fdl)?l  Cli C.ollt?’oll(:l’ 1 )Y Sc])al’aljllp,  I III: I’ol)llstll[’ss

altd  lmfor]  t)allcc dmigl) isslles into a IIimarcllical illllcr/out(:r  1001) closurc ]>r(jcess. ‘1’llc

flllldioll  of illllm l oop  i s  to shrink {IIc: boll of I/nccr/oi7ti?y,  so tlIat tll( lof)j)-sllf{j)in.q t a s k  o f
tllc outer 100]) call lm ros i ly  FIII(I c(fcctivcly accoltl])ljsl]d.  III tltis  u~liquc a]) I) IwIclI, 112 and
1  1=’ c)])tjl]]izziijo]ls am Ilscd jllclcl)(:llcl(’llil~’  altd arc (“boll”)]) lClllollt”  ill’~  to caCII otllc]  ill a ullifid

dmigll  faslliml  sudl tll)atl  a rol)ust and  IIig;ll  ])erforlllallw  c.olltrollm  is achicwd  ~vjtl)out using
tlIc IIllll]cric:ally ;I1-cc)l)cli{ic)l)c(l  il-Sy])tllmis  IIlctllod.

‘J’IIc (I[]al-loo])  co]itrollcr call ]cj(xtt I)alld-lilt)jtml  wllitc IIoisc (5(1 117) I)y a facto] of  50 to 1
jll Ille  4-illl)uL,  3out])utl  ]1[)11-cc)lc)ci~tc:cl  systmn. l’lc:lill)ill:llj’ lal)oratorj  results and  sjll)ula-
tic)l) d a t a  lIavc lJCCII ilIdudd  i]) tjltjs  ])rmcvltatiml. ‘]1]](:  fil]al  I’csll]ts  i,ogc!t]lc!r  \\’it]l  sc:\J(*Ial
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